
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD306312

UNCLASSIFIED

CONFIDENTIAL

Approved for public release; distribution is
unlimited. Document partially illegible.

Distribution authorized to U.S. Gov't. agencies
and their contractors;
Administrative/Operational Use; 10 JAN 1959.
Other requests shall be referred to Naval
Ordnance Test Station, China Lake, CA.

30 Apr 1959 per document markings; OCA ltr, Jan
10 1971



UNCLASSIFIED 

AD 

DEFENSE DOCUMENTATION CENTER 
FOR 

SCIENTIFIC AND TECHNICAL INFORMATION 

CAMERON STATION  ALEXANDRIA. VIRGINIA 

DOWNGRADED AT 3 YEAR INTERVALS 
DECLASSIFIED AFTER 12 YEARS 

DOD DIR 5200.10 

UNCLASSIFIED 





i i    I 
^wr-»^ 

r  'i 

i'('r, w ,'V" 

■   aipsr ii 

*..-T 

I   J 

r. 
!,.._. r 

«J 

3 
1 r 
5 

i 

1 

i : 

2: 
UJ 

-    if   un 
o     :.;    or 
oil    «- 

■ J -i 

ct 

\ 

n... CO 

•1;;^ 
V 

'lillS      I'OCUMBNT      t.'ON'rAINh      INk-'OKMA'i'ION       AFFfX/riNV; 
IHK    NATIONAL    OEKENSB    OF   'J1IE    UNITKD    STATES    WITHI«'«' 

mi: MKANINC OF THK ESIMONAHK LAWS, TITLE J«, U S.C 

SB.-.TION:; 7'i;i AND TIM. THE TUANSMISSION OIL TJIK UKVK- 

l.ATroN OF ITS roKTKNTS IN A.NV MANNER TO AN UMAU- 

I'HOKI'/.KIi   i'UK.SUN   IS   FIltillimTKI)   HV   LAW. 

RLTsiomjcnoN   OF   rm.s   DOCUMKNT   LN'   ANY   FORM   HY 

OTIIKlt   THAN   NAVAL   AiniVlTIKS   IS   NOT   AUTHORIZKO   KXCKl'T 

HY  spj-ciAL ArrtiovAt, OF THIK STATION, 

'if ) 

\\  U 

MS-' 

I    I 

/.w—,. 

.aJi,.- 
I-   if ^^/-.la-y -fir* 

VSäK n~*"™~?j A-J i^j        • 

I.' 

"•>yjrr' 

>-^ 

i ,i 



i.'ijm*.*-^'*-"'*«^*''* '" 

I. 

This docwmeat is the oropsriy of the Ifatted States 
Qmrnm^wnL ft Is fiirnifilMd fi>7 the Auratton of tha eontract aai 

s«>siU b« rslisrisa: when m losge? r©qtitr©^ öF is#oa 
recall by MBflA to the Ml&^i^ aiäreis: 

Armed Services Technical btformaftlQn Äipacy, Arlington aül Station» 
Arlisglmi IS, Virginia 

iiiWii-Mi-.« UiM^^l 

mm 

«g^fci^iba^^o^s-^^^sjis^jM*^«.- 

MM51«4L DBVBHBB OF THE TttXgES* &S8S8B Wmm täts tawutow 

OF THE BSPIONAXa him, TMLE 18, 1I.8.C., SECT10MB f«S »I T94. 

f 

r 

1 

•'••7 

n 

.,4 

J . I«   i    t     4j> 



f 

i' 

r *. 
\ ■ 
I  - 

i  » 

'a 

ONPIDENT IA 

U. S. NAVAL ORDNANCE TEST STATION 

W, W, Hollister, Capt., USN Wm. B. McLean, ?h.D* 
ConiTJinder Itecanical Director 

mfB TP 1997 NAVQRD RBPOftT 5870 

NUMERICAL EVAUJATION OF SUPERRAl'cJ BÜÄKIKG 
OF EXTRUT'ED DOUBIfi-BASfi PHOPELLftHTS AMD 
THE RELATED IMPORTANCE OP THE CHEMICAL 

STRUCTURE OF BÜRKING-KATE MODIFIERS 
Cc) 

B3 

is" of A. T. Camp and H, K. Haussmann 

Propulsion Developrasnt Department 

i~I to 

ifcjaHfc^mnpoiv*^» 

\:o^' 

Chim Ink®; California 
10 Jeimry 1959 

0 N P I D E W T I A 



NAVORD REPORT 5070 CONFIDENTIAL 

NOTS Technical Publication 1997 
NAVORD Report 5870 

Published by -... Propulsion Development Department 

Collation **,............. Cover, 22  .leaves, abstract cards 
First printing ....*..*...,.,.. ». 185 numbered copies 
Security classification ... ♦ 4. s.»s.. CONFIDENTIAL 
Abstract alone ...*.» COIJFIDENTIAL 
Title alone ., ..-..«....*...•» CONFIDENTIAL 

ACKNOWLEDGMENT 

The  authors wish to acknowledge the assistance of members of 
the Propellents Division and Chemistry Division without whose help 
this* report would not have been possible» The informal reviews by 
R, A. Henry9  C, J. Thelen, and R. T. Merrow were particularly 
helpful. The generous assistance of the National Lead Company 
Research Laboratories in supplying many of the lead compoioda r.:;ed 
in this study is also acknowledged. 

ii CONFIDENTIAL 

^ 



CONFIDENTIAL NAVORD REPORT 5370 

FOREWORD 

This report is baasd on studies conducted with ballistic 
raodiflera for double-base propellants since 19^7,  principally at 
the Allegany Ballistics Laboratory and the Naval Ordnunce Itest 
Station. Much of ths vork hae been presented in progress reports 
and papers issuing from both activities sinco 1950. 'Hie preaent 
report is an atteaspt to consolidate this information and to present 
an analysis cf ft  in a newly organized form. Ths approach aiid 
treatment differ from those of earlier reports in being more highly 
specialised. The purpose has baen to elucidate the reaction 
mechanisms of many lead compounds in double-base propsllante with 
the help of 8 numerics! enslysis of their burning-rate accelerating 
effects snd to define the important elements of their chemical 
structures as these appear to be related to their effects in pro- 
pellants. 

The work was parformad under various Bureau of Ordnance Task 
Assigrunsnts and with Eifpioratory and Foundational fuads. 

Taim  report is transmitted for information only and does not 
necessarily represent th» official vievo or final judgmsnt of 
this Station. 

A. T. CAMP 
Head, Propellants Division 

the authority of: 
KUGH W.  HÜW1SR 
Headjj^Pix^pulsion^I^velopgsnt Dgpartment 
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ABSTRACT 

A mathenaatical analysis was mads of the burning rate accelerating 
effect of maaerous lead compouadB in extruded double »uase propel«* 
lants. This study shoved the generally greater rate accelerating 
effect of hydroxy or similarly aubstituted arossatic lead compounds 
relative to the aliphatics, especially in the presence of other 
substituants which allotr formation of bldentate groups. These 
groups seem to activate the eromatic nuclei for electrophilic 
bubstitutioa and to preserve the reactivity of the lead in the 
preperation ssone of the solid propellent decosEposition wave. In 
some cases, deactivation by further substituents and over-protection 
by Intramolecular resonance have been observed or Inferred. Refer- 
ences are made to other reports which deal vith the possible mecha- 
nism involved in this form of double-base propellant burning. 
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IIvllODUCTIOH 

Tas burning ratse of some double-base props 1)ante- cont-e.ir^ng 
certain, lead cos'spcunds exceed very sigaif icmtly  the burning ratea 
of lesd-free propellaatc? in certain pi'-etsaure rengeo. Within these 
ranges leaded propellants exhibit, at low pressureSj* high pressure 
exponents1 which are followed, at increased preesure, by relatively 
low, sero, and soisstiaes negative pressure exponents. 

In a eyttesatic approach begun several years ago, a series of 
lead compounds of organic satsriais waa investigated, This  study 
quickly indicated the possibility of a definable relationship 
between chemical constitution and "modifie'r effeetivity". Further 
work has led to a clearer and isore quantitative undsretaMing of 
the ao-celied "rgegs" and "pieteair* effects in the bunsing»röte— 
pressure relationship. The synergistic effects of jaixt'ares of 
lead and copper coaipoun&s are not covered in the present report 
even though th§y are ©xcesdingly useful in preaent-day service 
propellants euch as X-12. X-13 and X«'i.k  cojspoaitiona developed 
at the Haval Ordnance Test  Station» Kere the effects would appear 
to require more study before a ©eaningful analysis can he  atteifiptsd« 

CD.MP.4RI.S0I OP LEAD COMPOUNDS BY "MODIFIER EFFECTrnTIES1' 

In Ref * 1 an atteiipt was mrsde to intrtsduce a nmnarical e"/alua- 
tion into the diseussion of the influence of edditives which pro- 
duce plateau or BIS a a burning of double-base propellants. As on 
early yardstieU for the öuastifieation, the raaxiisum increaee of 
the burning ram  produced by the additive was «sad. Tnis increase 
had earlier been esllei "superrate burning" {Kef. 2). A still 
sore powerful measure of the effect could be represented, on  the 
burning rate diagrasi by as area vhich in  enclosed b;y the rste- 
prisssura isotheiisis of the propellaai eontAining the additive and 
th-t prop.-j:U.«fit ^tlf.o-xl  sueh additive, 'Typical form of  such 

1 The pressure exponent is the value of "ssw in the equation 
r a cPa where ,srH i&  the linear btaming 2*&te, {Scs' ia s constant 
at any testers.ture and "P51 is the ehasabor pressure during 
coiäbustxon. 
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grapho or« ^hovm In Fig. 1» (The compositions of theto propellonte 
are given In Table 1.) These 1'nes ore substantially convergent 
at low pressure (50 to 800 psi/> aeparate at a pressure which is 
highly dependent on the structure of the lead compound, and 
essentially unite again p.t higher preösures. The burning rate- 
preoaure—fcesiperoture data from atrond burning teats are normally 
plotted on iopt-log graph« for cawe in tho clctaraination of prsssuine 
exponents rtnd tosperature coefficients. For the purpose at & 
nusarical »valuation,, it appeared desirobl.e to evaluate these 
"superratf-. areas" by integrating them in linear coordinates, not 
in logarithmic onao. In Ref. 1, this nev method for evaluating 
the burning rate diagrams has been described as followa: 

"The areas bounded by the curved rat^-preBSure plot (for 70#F 
testing) and a straight line of slope (pressure exponent) equal 
tc 0.7 coinciding with the high and low pressure portions of each 
plot in logarithmic coordinates have been converted to linear 
coordinates and integrated with the aH of IBM equipisent« Areas 
are in the dimensions of 

pounds (force) • inch _ gounds^ (forcei 

inch^     sec " inch   sec 
) 

While these units m&y have no particular physical significance, 
a comparison of these valuea of ores at constant concentration 
of leed cojitpounds may  presumably offer &  fair indication of the 

caoos ^here aveliable de.ta did not show convergence of the 
ouperrate diagrasi and the base line,, the ares ¥as closed arbi» 
trarily by extrapolating the diagram to meet the base line.- Data 
were eliiiusst invariably carried at least to the point vh-are the 
low pressure end of the swperrate diagram vas dropping sharply 
t-oyarq the base line. The selection of a 0,? value for the slope 
of the base lias vas arbitrary; it was also conservative kinc© 
it tended to minimize  the enclosad area of supeTate burning, 
Soae unssodified double-base aysteras show slope!?» closer to unity. 

In a later consideration e'" thees figures, it was oboerved 
that better results were obtained if propellents having similar 
heats of e^jalosio.Rs were compared. Ecu a'ach the data are 
changed by a change in the heat of explosion ear. be seen by 
coEsparing PL 120 and PL 220- vhich have similar coBopositioa and 

2 
Designation of experimental propellant lots in the monthly 

progress reports by the Prop«Hants Division of !©TS. 
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I1 ABLE i.    Coinponi ti.cn and He et of Explosion of Prop« Hants 
Shown in Figur« 1. 

Com'DOßition and heat of expicsion n-k® Early X»6( 

A.    Basic Ccsapooitions, Weight, ^ 

Ni.trocellu.loae,  12.6^ N  
Nitroglyceria  
Dlethyl phthslate  ». 
2-Nttroiilphenylaiain©  

B.    Modtfiera, Weigfcit, ^ 

Potassiiwj sulfate  
Carbon block  
Lead stsara te  ................... 
Leed salicylate  
Lead 2-ethylhexanoate  ........... 
Lead  ß»reaorcylate . * ....*...,., 

1.5 
0,1 
0.5 

1.3 
o.? 

3.0 
X * G. 

C.    Heat of Explosion, Q, 

i!t6Qsursd, col/g ................. 1 856 Öt!4 
X 
8U8 

a Lot PAE-138, Reference KOTS Report Ho. m ^69. 
b PL I67, Reference NOTS Report Mo. IM if56. 

a 
lot P.4E»6l30, Reference NOTS Report Ro. TM 10U8. 

PL »+19, Reference KOTS Report Ho. TM IO96. 

Early 
x-ed 

2.0 
» » «• 

2.0 

820 

OOIIFIDEtfHAL 



CÜHKIDKRTIAL HAVOHD mmWT  5670 

con3tituent,f5 except for th« higher ratio of nitroglycariu to 
nlaaticizer in PL 220. 

TABLE :?. Influanco of a Change in Heat of Explosion on the 
Superrsto of fli&ilfir Doublö-Base Px^opellanta 

Properties PL 220 

«*« + #•« Heat of exploaion;  cal/g 
Total area of siiperrate .»-. - 
I^ead salicylate, $>  

• U V « 4 • • 

866 
175 

2.3 

This senöitivity to heat of exploeioss was already well knowa 
and had led to tiie aaBueption that the plateau or sEesa effact 
aight exist only below a certain coaibuation gas teasparsturö at 
vhich the gas coi^>osition vns nearly independeut of the pressure 
(Ref* 3). With increasing flasse teEpsrature and heat of exploaioa^ 
the influence of lead compounds would therefore dscraaae. More 
recex.t results with improved lead cospouwdß have shown that it is 
possible to obtain plateau effects with high energy propellaata 
whose fiese teraperatures vould indicate appreciable dapsitJdenee 
of gas ccsipcsition on pressure. Coaibiaations of lead cosipounds 
and copper cosipoiHids extend thesa possibilities still furth©r. 
However, the characteristic decrease of the "superrate area" 
with iacreasing heat of expiosioa is still apparent, and thia 
effect nahes it aecsesary to cmmB,m  data from different, propellsats 
on the basis of c^nsl, or at  l^ast very siailar, heats of erploaion. 

A large variety of changes? can be made to alter the properties 
of an extruded doubl/.'-base prqpoll&ut. .Besides ahangeis in the 
ratio of nitroglycerin to nitroctllulose, changes ia the naiur© 
and content of the ttt-abilizer, plastlciser, high explosive addi- 
tives, or metal co^ounds, can iafluence burning properties. In 
the studies upon idiich auch of the present analyelö iß based, 
the range iv  eoigposltion vau  kept small except for the ratio of 
nitroglyceriü to plaaticlzer and the aat'OT? an^. content of  the 
lead compoimds to be tested, as Table 3 indicates: 

cowmmriAL 
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TARLK 3.    Hdßgü of Composition of Double-EM$O Proxxillanta 
Used in the Pröoeßt Evaluation 

Inpredtf'^ts 

«  >*  a  «   r  (i 

r****«   ■#«■ 

!li i-rocallulooe.   12. 6$ K 

Disthyl phthaiato cr di-n-propyl adlpate  ... 
2-N.ltrodiphenylaBilne 
Lead compounds 
Heat of explosion,  cal/g  -  

**♦##*» 

,0     »»#**#*»»♦»• « 0 * • * p * • • * « 9 

Percent by vcigut 

50,0 
"^ .0-0 

8 ,0 - 5 
£1 .0 - 0,5 
2 to 3 

720 to 1050 

The results of these studies were useful la shoving, for a given 
energy level, the relative influences of a large nuaber of lead 
compounds on the burning rate» One purpose of this eoaparlson 
was to find guide lines i'ox* furthor improvaiaant of such ccg^poimds, 
even without esteblishiog the reaction mechanism Involved, by 
comparing the structure of the additive with the results obtained. 

For the initial eooipariaon of the effects of the added lead 
ecgfcpo'usde,. the quotient of the "superrate eree" diYided by the 
weight fraction of the lead coapoimds ccataicsd in th© propellaat 
had been used (Ref. l). However, since the BOIüCUIäT veighto 
Of   SUCh   nnrnnniiruia   rmd   t.rm  p^voent-age  Of  sataJL  thsrsitt  tet: ^sd 

to vary widely, it. appeared edvioable to divide the oupsrrate 
area by the easily detarained, •«eight percent of lead in the 
propellonta» This  quotient is called "modifier effactivity". 
Derived from mi area, its value is dependent as much on siiotained 
rate-booating effects of a ssodifier as it is on a ssar© marked 
effect which might occur over a sssaXXsr presgure range« Since 
tlie burning-rÄte-aaodifying agents vaye generally «©ll defined 
chemical coaspounds of lead with organic groups, a definite 
stoichioestrie relationship existed bet^jsea these parts of the 
äaolecuie • 

The sesunption had to be made of course that such division 
of the "superrate area" by lead w&t&l  content« would gire, even 
at different levels of Issd content, sufficiently coaetp&rable 
data. For thlo season, the ^rcest^e of lead cc^pounds wao 
adjusted in theoe investigations to give reasonably uniform 
lead metal contents where large differences existed la the 
molecular veighta of the additives. For small variatlono of 
the molecular x-rei{jhT,3, it was assumed that proportionality 
existed between the changes of the "euperrate area1' and the lead 
content for a given propellant coarooaitiors. 

6 COHFIDMHAL 
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The veiKht percer.tng« of le&d caupouncls UöCCI  in these com- 
pooition» vöo based largelv on previous Rtfdies by  the Ailegany 
Ba.lliatica Laboratory  (ABL) and by the- U.   S,  Kaval Ordnance T&tit 
Station  (rlOTfi) concerning ths  fon.i of s,ich  "sup^rrate areaa" (Ref. 
1,  Uf  and 5).    Th« actual ahaw'; of ouch ftreaa was neglected in 
the präsent search for a practical evaluöticn tool« 

In the following par'c of this report an attempt ic raade to 
apply tht* eval\iftt.ion inothod, baaed on "aodifier effectivity"f to 
practical double-bftse p^opeHants most of which were ptigp&red as 
a part of a broader applied reoearch and development program. 

RESULTS OF THE APPLICATION OP THE ABOVE METHOD 

Inflaencea of Lead Salicyj.ate and Related Con^cunds ■    In thio 
inveotigation of constitutional influenceö^ the different burning» 
rate-modifying agents were compared in prope Hants having about 
the same heats of explosion.    "Modifier effectivitieo" were 
calculated from the integrals of the "superrate area" by dividing 
this area by the nsetal content of the propall&ni.    Table h shows 
such a comparison between lead 2-ethylhexanoate and lead salieylate. 
Similar results were obtained in a comparison of leßd salicylate 
and other lead salts of aliphatic acids,   such as lead atearate. 

Pb 
s 

CpHc 

•0-C — (CH) 

\cs\ \ 

CkE9 

0-C — (CK)  — CJ^HJ (< 

0 C2H
5 

x> 

rb/2 
t 

.0. 
NH 

Lead 2-öthylhexsnoate 2.    load salicylate 
(Laad 2-hydroxybenEoate) 

TABIE k.    Comparison of Lead 2»ethylhiexanoa-&e and tead 
Ssiieylate as Burning Rate Modifiers 

Characteristies 

senvAosac 

'* « \j-   <■ i 

Modifier effectivity 
Superrate area ...... 
Pb compound by analysis, $   
Pb in compound, $ „,,....,. 
Pb in propellant, C

JO ............. 
H ;at of explosion of prop, llanfc, 

CEl/g 
PL No  .. 

»  »  a   ♦   4   d •  »««a**«*«*«« 

s********** 

1. Fo    3-ethyl- 
hexarioate 

|     2. Fb 
galicylate 

66 
kk 
1,6 

Ui.98 
0.6? 

121 

291 
250 

2.0 
U3.0U 
0,86 

770 
120 

pOWR'Trs'iiPrTAT. 
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I'c can be ßeen th&t  largo difreitsnces exiöt in the  "racxilficr 
effectivity" betveyn eorspound 1 tmi 1';   the calicylat,« need in t»■•...• 
second coiapoalti .)n being aore than four tiraes as effective ^,« the 
ethyiliexfino-ftt-e in th«  first compoimd. 

The question arorje ao to vhich conn-Mtutlomil difference« 
between the two lend ccHJipoursdo might be related to the   tsbovn 
dioslaH&ritteö  In'Modifier effectivityl'    Both coispour^'r. arc salts 
of carboxylic acido and do not ionize extensively;  even lead 
acetate in dilute aqueous eolutionB shows a aaall degree of 
dißöociation  (Ref. 6),  and complex iona atn forraed in concentrated 
oolutions  (Ref. 7 and 8).    Tim exchange of an aliphatic cax-bo     dc 
acid by an aromatic carboxylic acid does not change such prou,   ".iee 
very greatly.    In comparable double-baae propellanto,   the Allege 
Ballisticc Laboratory (ABL) found a very oirallar behavior of lewo. 
2-ethylhexanoate and lead ortho-toluate up to 2,000 psi (Ref. 9). 
Therefore, otter reasons had to be found for the differences 
between the effectivltlee of the lead salts of these two acidc. 
The only other difference between lead ethylhexanoate and lead 
salicylate is the presence of a phenolic hydroxyl group which 
makes the aromatic nucleuo highly subject to electrophilic 
attack.    Thus  it was necessary to investigate such influence 
with compounds which could show their contribution separately 
from other effects.    For this purpose,  the data for lead 
w-creaolate and lead catecholate have been compared with data 
for lead salicylate sr, aimilax* beats of exploBion as showi In 
Table 50    For coBwarlsöa with lead catecholate, basic lead 
salicylftte    with similar lead content has been ussd. 

^C^   XPb/2 

t 
.-0-^ „ 

2.    Lead salicylate 3=    lead is-cresolate 
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0 

./' 
0 

^ 

5»    Lead catecholate 

u 
'Pb~OK 

0. 
'- n 

6. Basic lead oallcylste 

TABLE 3'    Inflmnce  of Phenolic Hydroxyl Groups 
in the Absence of Carboxyl Groups 

Characteristics 

Hodifisr effectivity ...... 
Supsrrste sraa ..*..« 
Pb compound by snalyeis. 

i-   e  *   •   • 

Fb in propellant,  $ ....*., 
Heat of explosion of 

pröp-allaiit. cel/g ...♦,.. 

291 
250 

2.0 
U3.0U 
0.Ö6 

?70 
120 

20 
29 

■3  1 
J -   :. 

763 
■**22 

2o 
if9 

o n 
<-• ? 

65.72 
1.90 

863 
6i»U 

6« Basic 
Pb sali» 
cylate 

198 
231 

58.81 

860 
ABL2318 

It sssay b© concluded that neither the aromatic carboxyi group 
as present is lead ortho-toluate nor the phenolic hj^roxyl of t-fee 
sressatic seid b^ itself produces lead salts with such high "ssodifier 
effectivity". It followed that the pressnea of both of tbeee 
grcjupe in 'the lead aaj-ta is proper relative position might be 
necessary. For exaainetion of thia possibility, it appgared 
deairabl© to deiemin« whsther or üot the hydroxyl group of 
salicylic acid could b« rsplaee^ icltb other groups of siKii.lar 
elactrical influenc-s witboyt gr-estly iafluenciag the "üodifisr 
effectivity'* of the Isad salts« For this purpose, data of th© 
Allegany Ballistics Laboratory (ABI.) »bout basic lead sslicylats 
©nd lead tbiosaücylatö (Hsf» 9) couM bs used to suyplassnt Ines,! 
iaf onset t ion* 
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o. ( 1.. 

\ 
% i 

"i 

7. Lead thioerdicylat« 

0..      0  Pb.r . 

i 
i 

l^ 

8*    Lead pfrtbalote 

TABLE 6, Influence of mi Exchange of the Ortho 
Hydroxyl Group of Basic Lead Salicylata by 

Otlter Oroupa 

Characteristics 
1. Pb 2- 

aaoate 

Modifier effectivity .... 
Superrate area  
Pb compound by analyaißj 

e«fri»6o«ej6 

Fb in coKpcuail, $ *....,. 
Fo in propellant, $ ..... 
Heat of explosion of 

propellent, cal/g 
PL Bo . #***»« » n e B ■» • 

198 
231 

2.0 
58.81 
1.17 

680 
ABL2318 

J.U8 
170 

2.0 
57.66 

880 
rnvmo 

101 
101* 

2.0 
51.38 
1.03 

757 
266 

66 

1.6 
^1,98 
O.67 

For coisparisoa with. Is ad thloaalicylate it weis necessary to *ase 
basic lead aalicylat® fetiich coatalMi a very slMlar amount of lesd 
(es© Table 6)0    L©©& pbthalats also has a eoiparabl® lead eoatent^ 
since the ortho hydroxyl group of Lsed salicylate has besa replaced 
by e Becond cai'boxyl group.    s2tie relative"aodifior effactlvitiso0 

%fer© 7^'7^ foi? lead thiosalicylat« eaä 51^ ^os* lößd phthalate when 
compared with that of b©sic lead s@licylat«.    Cos^J'Srsd to l«äd 2- 
ethylh©Kaaoat^, the affectivity of lead phthalate waa 151^.    'fees© 
relatively high dafca arti ömrprisiBg since phtbelic acid itsell' is 
very stable agaiüst eisctrophilic attack.    Ilia difference may be 
due uo a fons of improved protection of fch« lead, ioa through 
öteric influencea aisi'Iar to the p^eence ef bideutats groups in 
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the organic part or the burn in« rat« ocrfifier.    Ttxia «xpresaion, 
of course,   In&icttXtta "two-toothed'1 chealcal coqpc-und« which aro' 
able  to for®, chaiotes. 

for evttJuötlOii of tho prop-ertlea of leuä müirnsilaie,  s 
propellnnt ccutRinlag the nonaal salt of lead eeiicyiate wan again 
used AS a »fersneo.    Table ? fliicn« the data for the pcrfomaoce 
of these prcpeilants. 

0 
\ 

c 

/^\ 

/ Vb/J 
^ 

0 
\ 

H 

2.    Lead ßsllcyl^te 

0 

"C—0 
/   v NFb/2 

A— KB, 
\\ 

h.    Lead anthranilate 

TABLE 7.    Influence of an Exchange of the Ortho 
Hydroxyl Group of lorsial JLsed Salicylate 

by an Amino Group 

2. Fb k.  Pb 1. Pb 2- 
Characterißtics oalicy« aathra- ethylhex« 

Inte nilate anoate 

Modifier effectivity   291 140 66 
Sup-arrate area ...»  = *.. 250 181 kk 
Pb conpoüM by analysis, %    .... 2.0 3.0 1.6 
Fb in coBQ>oim{l, $  kl.Ok 43.22 4.1.98 
Pb in propallant, % ,.,.... 0.86 1.30 O.67 
Heat of exploöion of propellent. 

C^J-/£J * it a      eesee**ff»a0*fc»9*tfi4* 770 773 784 
PL No  *.......... 120 490 121 

The datHis obtatsüd for lead enthrsnilate wae 48.1^ that of lead 
sal icy late but would proböbl3f have bsea eoasr^iliat higher if 1#&4 
aathraallatö hail bsss tiesd in 'fcke some cöRc»atr©f;ioa as load 
aalicylate.    ©12 vslne Is still 212^ of the datum for le©l £» 
ethylhexanoatt and isdicötss the sea» tes4r<acy ef bi&sntat® 
.grotäps to increase th^ ei£®ctirity of ©roaiatic cojapowiio.   The 
coüclusloü that ths iacreasöd parfonifMce raay be dos tö bidawfeate 
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hnvirig Bubatltucat,s  m other than, the bidentato position, 

L. Pfluling dt-z^rvee in Ref. 10 that neither 3* nor U-hydroxy- 
bcntolc acid forms intrK©oXecular hydrogen-bondnxi chalateR»  wherecis 
eeilcylic ecid foraa such coe^ounda oaatiy»    A cots>arioon of the 
I's'-rreupowiing lead nalto vae,  there for«, n-tde and Table 0 showa 
the  ifiouito of this evaluation. 

0 

y- 
/   \ 

f/-\ 

Pb/2 

/' H 

/ 

0 
V 

\ 

2.     Lead eelicylate 
(Lead 2-hydroxybänsoate; 

0 

VD/2 

OH 

0 
w 
W 

/ 

c—0 
\ 

=\ 
*'D/2 

/> 

OH 

9.    IJSBA S-hydrojcybensoats      10. Lead ^-hydrascybenaoate 

TiWBIJJ 8.    Influetnc© of th© Position of the By&roxyl 
Grov«» in Le%d Hydrosybeasoates 

Characterietice 

Mod.ifJler effectivity ... 
Suparrate arae .....<.». 
Pb coaijouad by enaiysis, 

Fb In coiKonoundn i 9    P ft    9    O    «    <<    t> 

Pb io, proiptllant, $ ,... 
Hoöt of explooioa of 
propsllant, cal/g 

2. Pb 
salicy- 
late 

291 
250 

2.0 

O.So 

770 
120 

9» Pb 3- 
hydroÄy» 
bSESOSt© 

O    3 

il3«0i!- 
0.9^ 

2fe 

10, Pb k' 

benäoat© 

15^ 
126 

1.8 
43 «oU 
0.82 

T6Sfr 
217 

1. Fb 2~ 
©thylhsx- 
anoata 

66 

1.6 
in 98 
0,6? 

TO-! 
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Tnr:  lead asUrylate in obou 
«-jiydrcixybcnz-aateR. Thiß supports the prevlou-ily jacntiorved indica- 
tion of better psrforaanee of cosipounda containiiiß bid-^ntatu groupn. 
Another iniereatjng rt?ault is that both the 3- swd ^~Jiydrox>1>enÄOöt<" 
give coMldrröhiy higner'bodlfier e:ffe-ctivit!eo*' than leed 2-ethyI-» 
hexotionnte In optte of the alnor resultö obtained with Isru oaivO 
of compounds containing pheooHc hydroxyl grot*pü but no carboxyl 
groupo« Such compotinda were ahown In Table 5 ao lead m-creeolate 
(No. 3) &nd lead catecholate (Ko. 5). 

Tlie öuperior results of lead salicylot« demanded a contlnutatiun 
of the present Inveouigationo predoajlnantly In the direction of 
cocrpourda containing Mdentate groups. 

InfIftncoe of Nqn-Aromatlc or Arcsaatic"Substituted Aliphatic 
Bidentate Groups. '-Oie aseumption that bidentäte arrangensent of 
substltuentß might be of advantage for production of high,<ffiodif ier 
effectivitieB,*had been na&e on the basis of relatively few 
experiments. It thus appeared neceaeary to determine whether 
bidentate groups in general would show similar relationships, or 
if only a small group of such corapounas would act similarly. 

Accordingly, it appeared necessary to separate the effects 
of aromatic bidentate groups and bidentate groups, Hie Allagany 
Ballistics Laboratory (ABL) already had Investigated two lead 
salts of organic compounds containing aliphatic bidentate groups 
(Ref. 11). The results of these investigations showed, in the 
first case, that lead lactate produced only minor effects which 
were ßirailar to those of lead acetate (Ref. 5).. In the second 
case, lead acetylacetonate gave similarly small effects. For 
this reason, an attempt was made to compare lead sallcylate with 
lead salts of compounds which would be more nearly like salicylic 
acid than acetylacetone which is enolized only to about 76$. Such 
a compound, which exists alisost exclusively in the enoi form is 
dlbenzoylffiöthane (Ref. Ig). 

The lead salt of dibenzoylmathane furthemore had the advantage 
that the aromatic nuclei of this compound were very stable toward 
any substituting influences. For instance, the rings would be 
much less reactive than those of the lead salts of 3- &&d Jt-hydrosy- 
benzolc acids. The results of this investigation are shown In 
Table 9. 
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H~ 

\ 
f'::, ̂ 0        ,0- -c 

/ \/ v. 

.pb^ 
p „ 

\-i. /     \ / 
■'£■ "0                       0:' = 0 
/ 

CH, CH, 

/> 

V... 

\ c^o      o c. 
/ 'A 

Pb 
/ 

HC 
\       /    \ c-o     o-c 
/ \ 

11.    Ißad acetylacetonote 12.    Laed dlbensoylsothane 

TABLE 9.    Influence of Bidentate Groups In the Absence of 
Reactive Arosatic Nuclei 

Characfceristico 

Modifier effectivity ....*....*«... 

Pb cosipouiid by anaiyais,, % ........ 
Pb in cosBpouzui, 4 .»..•.»».•.««.... 
Pb ia propeUant, ^ .*••.*.«••**.•. 
Heat of sxplosloa of propsllsnt^ 

C^X/0      »«..990ec«flC!glOoe9.tf»«.a«9.6 

12*     Pb diueii- 
sovlraathans 

x3»   ru 
eylate 

156 
195 

leä5 

868 
22? 

ffess© data eiscw that the pr^ssoc® of bideatats groups in the 
lead cossmusai does oot^ by itself s produce aay ißci'eas© ia the 
buTEiag rat© of the prqpelieat.    Saef^forej, t&e concluaioa eppsared 
reasonable that only the same fuiactiossal bidsatate groups containing 
a phenolic hydroxyl ga'oup or its squivaleat could produce bunsiag 
rat« js?Mifyii?,g ©ffsctß eisiilar to t.ho@@ of lead salicylates« 
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(rn^a.     '     r.-'n)!!-- r.j.ir^xyi  ^n up   m vj.''.n.*il j v.tvi la n f- e..»','. 

r..     a.'*;«rij. "ill    ju'ini^nrl't vtT"  .'-o «'*"' t id  C^r j-r^i-iu atlon 

tln-y  r>.-e'. -J   f*   "utfiH   11.*»   run).'';   i-f.ju 1:» itr.T.tr.j,   1,'jf  Tftü lc   10. 

Pn / O 
,.* 

0 0 

OH 

r^" 

>. J 
-./ 

0 

rb/2 

0 0 
i 

\ 

^""N. 

0 0 

\ 
Pb/2 

11 -4,     leocl alisarirmte 1$.     Lead quinisarinato 

T/'-iS 10.     influence of Aroraatic '..^rbonyl Compounds With 
Bldeatate-Forming Hydroxyl Groups 

Cheraetoristies 
lh. Pb 
alimari- 

nate8 

395 
237 

2.0 
30.2 
0.60 

858 
590 

Modifier effectivity ... 
Superrate area   
Fb coDipoimd by analysis, 

% «... 
Pb in compound, ^  
Pb in propellent, ^ 
Heat of explosion of 

propellenti  cel/g .... 
PL Mo  ,.<>>•.>...>...... 

a Prepared by reaction in aqueouo sol-ition of two so lea of 
monosodiuin aliaar.Lnat-e with one mole of lead nitrate,    ffemo PUoil« 
lUo to Code lt021,  11 August 1953» CCmniSWLM» 

^ Prepared 'by re action in aqtvaov.s scl^tion of dlBodiwa quini- 
»arin&te with Äiciöcular amounts of lead artete«    femo pUoiI-l'v? 
to Code lkJ21,  21 October 1952;,  COWi iE^i^ ^/r. 

c Sae page 25. 
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ftj Ir i *:{."}*'* ,   it.  Vr!''K 
! * ^ 1 ii. ^ ^ 

-  £ < 

; #1  v * rv 
KU-h  ■—   ror„'5itier*;vjly higher  thtut  U.dt of  In*,  net', ~\ I*,!--*.     I*,  ie 
rcj.r .«ich«^!  cnly by ffo,   .S,   l«t"vj   ,'? - n«4 >r' / Lite »   .-hf   1»  «-.Jt«:'* 
'ttntftln'i :tri  ed'litkin^I  h>i!rr,xyi  ,rft up  HKP   >ai «2 I*j:'ir*nit*. 

T»;l8  re^uls, tiho-jn  ih«t If -is««; ^pf.on  irt  i■?**>,-«r fn4',  A JC-OI'üInation 
Involving an Kt&nhiic hydroxyl and a c&rbcxyi group. 

Tho results obtained with lead «lulnizexAnftte nro ntiich lover 
than those obtained with lead aligarinat.* aixi reoutrs farther 
a^cial considersuion »ecause lead quinifcarinat« shovn only 
half of thft "modifier effectIvity" of least aaHeyl&to.    Ttila 
decrease is  larger than that which «light be expected aa a. resuli 
of the absence of any hydroxyl group outside the bldentnte 
groups.    The tvo puciib.te chalate groups In the zaolecul« of lead 
quinlzfirinat« »aei) bo largely affected by intrewolecailer reeorancc» 
Cach effects can aometim&s becosie «o strong that tiie oorajal re- 
ectione of the raetsl atoms are eliminated and the interffiolacaXar 
relationahips of ouch Esolenulos arc decreaaud (Hof. 13). 

Cosely i'älets-d ieosasrlc coffipounde «.how ntriking differences 
in boiling and cslting points bscause of istrmcolecular ^^Istion» 
ahipti and rr«,.nance offsets.    The double ehe late e of 2,k~ and 
U,6~diacetylregorcinol vere disouaoed m Ftef, 10 from the view- 
point of fixation of Kskule1  ötrueturas favoring double hydrogen 
bonds for the 2.h conmo^md but only singi3 bydrogan bonds for 
the ^.6 isomer.    Tntä theory of intr-.ämolecuXßr bonding was necessary 
to under a etanä i?hy the firot öf thece tvo compounds has e lower 
Editing pointy higher volatility, and better solubility in non- 
polar ic solvents than the ^,6 isomsr ao is &h'>vr  in Table 11. 

FT 

P 0 

1. c. 
;r> ^ XCH. 

0 

2. ^«Dißcetyireeorcißol k„S-Öiaeetylreaorcinol 
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TA3:ä 11.     Phyaical FrctHirtieti of DSHydroxy Dike tot«* 
With Wffertfnl itesress of OielÄtion 

Melting point,   *C  
Volatility in ateaua .*........, 

Solubility in b&ns^ns at 15*C, 

röworctnol 
?,^-Diae«tyl-   | U,6-DiÄC«tyi,- 
resorcinol 

Saaily volatile 

10 

182 
Almost non- 

volatile 

The abf"'e result»,   i-her^   allere t-ntstive coiicluolona tc bo 
mp'le sbout an analogous behavior of aliser.'.n Oüd qulnlzarln 
compounds.    Qujtnisarin would foris an intraroolecularly oaturatod 
hydrogen-bonded double ehelate in a closely related mannsr to 
2,U-diacetylr«sorci!iol -wtieraes alisarin would form a single 
cho.")«+-« «ith cossidc-rable possibility for intersoleculcr associa- 
tion because of the remote position of the second hydroxyl group 
relative to the second ketotm group,    Table 12 ufrows the relation' 
ship of the physical properties of these coamounda vhlch are 
highly analogous to those of the diacetylKasorcinole. 

>%. 

H 
■^ \ 

0 0 

0 

H 

/ •< v 

0 

H 

0 "0 

~Sr^ 

0 

ir 
1 J 

^^  ^M 

Quinlsssrin Alizarin 

TÄBIS 12. Physical Properties of Olhydroxy Dlkatones of 
Differeafc Cholation Pcsslbilitleo 

Properties 

»felting point, 0C ..... 
Boiling point, 0C .  
SoMbillty in alcohol . 

Quiaiaarin Alizwtln 

Subllmas balow 195 
EWr/nwrnar« n ej^v J ^«iwsH« «*t«H5sjiS*-«rfiw *. 

Soluble 
^30 

fei'y solnbis 
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Tti?.  change J  orJer of  the a ?i».«bll iny jsta  5 a ten&#-?iö  {IVoio  II) f?.-! 
In alcohol  ('Table  i?) is du* to the  cho«^  fr-cM e h-^irr-^Brbr,^ '-o 
», hydrc'xyl  typ»  üölvent;   the   i^t*..':r esse r<^>Ä**a «c^ft  ci-maiy *'e 
th«r bfhÄvior In & dovtble-basis prcpallant matrix. 

flaii'cyl&fco'."" A teKtative 'concluel on ""sight Us drawn at thiis point. 
regarding thö conotitutionÄi r-aquli^^snta  for the organic part 
of those laid compound« vhiii will have h-'gh effcctlvlty in 
doublo-boo« propellent a.    This Is, that my ccssipound containing 
a bidentate group which include« an «resistic hydrosyl, Esarcaptaa, 
or «isiöo group end a carboxyl, carbonyl or «quivalant grotrp can 
be ua«d to produce lead cö^pouthte of Incr«»r'*»d "laodif xer effecti- 
vity".    This Influence moy h« decreased if tto load-free compound 
shova oxcoaaiv«    irätr«raolsculsr atabilisation influences.    Itf 
organic part of the oodifier seoasft,  for thie reosott,  tc contribute 
considerably to the burning rate increasing effects«    Vtethsr or 
not this influent is dm to chesstcal r-ssctlons involving sa 
attack on the arcsatir ring should be rasdlly asctrtalcatol* by 
deteraining the "modifier sffectivity* of compounds baring 
appropriate groups in one or both of the r»Rctive positions of 
the aromatic nucleus which ars ortho and para to the hydroxyl. 
msrcßpto, or amino groups. 

For this purpose, data could be used which had been obtained 
in earlier -..rreetigatione of lead o-cresotinate end lead 5^'tertiary- 
butyls alley la ZQ *    In iomd o-cresotinöte,  a aaathyi group is present 
in the pooition ortho to the hydroxyl gitjup.    In lead 5"tertlar%*- 
butylaalicylate, the positioa ortho to the hyoroKyl group is fr©o, 
but the para group ic blocked by a tertiary butyl group. 

Tsble 13 sisSwB the constitution of the different eosspounds 
end the results obtained. 

%®<i 

0^      0 

i     t 1
 0 

16.  laed salt of 2'»hydroÄy- 
3-fiffithylben2öle acid 
(laad o-creootina**) 

17, Lead 5-tertiary« 
butylea.1 icylata 
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Wlth lile lnt-"odV.Ctt c n ur t.~~ ~t.hyl ;:roup in t.ne 3 paeitioo, U 
ln :oad u-creaotic.a~ (~. l M), ~ •&.Cidtt1or att'oct1v1ty• dro.,., 
to &bout on.-t.b1r<1 of that ot uacl ¥6l1cylat.e tn.:t 1• eUll ~ 
better tDaa t.be da~u.;; tor lea4 2-et.ilylb~tx.anoate. !be data tor 
lo&l:l 5-terUaey-b . t.yt!.a.licyu.t• eba-~ t!lat •~•t.1tut1oA 1D tbe 
5 po•tttc n dnee ,.,ot. <"helll~ u·.., .rr.~~;.ve~~~·· ot le.t 8a..licylate 
v~ ry IMI'l.sc1ly. ':-.. ~~a.n:nt, • :-derate •'-"'*riortty or ti-o l.ea4 
~-t.ert1ary-outylaal.11.:ylate l!'.ay t- 1 \oluo 1a~u~l)' tc tbe lover neat. 
"f er;>lod r.-n ct t!';1a lot nlc.t1 ve to the Jo. 11 leu ea.llcylate 
control lot. It caay a.lao bo cl•..ze in pa:t to the obael'ft4 eolub111ty 
of lead 5-tert1ary-butyba.U~yl..n.e ln propellant. 

·:nClw:nCt! O( &~b!!'; 1 tuti r:n C f le-.1 S411cyl~~~~ J:it6.-}if.OHJl~a.o 
~-oup• 1n t.ho 5 !'oa1t.1~. 1 pboDOUc byclroxyl 4P'OUP 1 c~Ject 
to t.aut.<;.,;,trlc: 1nt"lwmc·,. wn1 ch tzAY en&C..l.tJ Ul1a ~roup t.c trd5t 101 
the ro~ of a ~e.recn:t 1 ~•-oup. 'l'hia 1nt h•~ca vu .o t ·..aJ..oJ by 
introou ... tlon :lt an azo ~rou~ 1u the po.ra poa1t.1on to tllo h)dro.x.)'l 
~C" ... .,. Thi;, 1nt.rodu~t. u!l produ~• a ket.oeool-Uke e'}U1l1'er1\::l 
betveen a qu1ncf'l!t·hydraLOne f:ll"ll aDd U\e phenol -w.o tons. A para 
n i1.rophcny!azo ~r.:ru~ vu \Ued to atu~i' tho 1ntlu.aAce or a c~let.e 
l'ju1nonehyd1·a~one t'\.11'11 1avolv1~ two ar~'l:.!lt.ie cucl.ol. 'Ibo liaita• 
t1on or tb1• rorw to one rrv.cle~ vu o~u:1i~d vith the be .l..~ ot the 
m-n1t.ro:·h~:1ylazo <::(A1l'P')ur.1, tt~ lo'Jd aa.l~ ot _,n.;. :-h baa a yollov­
or•nge cclnr vherc~' tr.e para-::OfQ<)Wld &ina & !e-.. ~alt. ct re' 
color. Onl) the tautomeric qu1:-.oae h)"irazca. ton. ve : how.:.. 

II)?. 

' II 

C}-~- .~F~>=o-. 
~-J' "==·, r/2 

c -- o 
I 

0 

::. : . 1.&~ •alt or 5-(3-nU•·:lptutnyJ..aao)-
••Uc:rue acicS. ~la.r1n le ll ·~v o. 
( ~~·! ~ ~- . ~~ .. ~ ~ 

:'"' 
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19* I«sd ualt of ^"(^-altrophcaylczo)- 
eallcyllc gifid. Alissrin ¥«?llaw" R. 
(Lssd sslt rsd) 

TAiiiS lU, Xnflusnco or Quinone Hydrssone Format ion 
Posöibllltiee on "Mudifier Effectlvity" 

mhl^PH viunMX^K 'Mmi i 

Characterlotics 

Mod 5fier 
eff'.>etlvlty 

Suparmte area = j 
Pb oo-spoimd by j 

em.',' -«sis, $ .« ] 
Fo JUi ^.'^tapoDiid. j 

4 f p       •   \    ,   V   »«««-»«4« I 

4   D      i.*l      til'O^iS,5,^.^*1 V^ j 

^         H    •    .1    -3,    #    •    «    «    U    «    <t    * S 

Heat öf explosion 
of pronellant. I 
cal/g 

18, Pb ssit of 
5" "\ 3 ■"tiitropii^iiy.].- 
aso) salicylic 

acid 

69 

n.o 

s£.57 

1.0 

19. Pb salt of 
5-(n-nitrophenyl« 
axo) ealicylic 

acid 

46 
5! 55 

4,6 

26.57 

1.2 

852 
6l5 

17- Pb 5- 
uai'tlsry- 
butyl- 

salicyie-ts 

193 
195 

2.9 

3J*.92 

IcOi 

8^2 
683 

Hue rseults ''.n Table lU shcr»? that inereasing poseibilitiee of 
quinofie^hydragone formation gradually decreaa©Modifier ©ffectivlty' 
in contract to a substitution of th© 5 position by sa aifcyl group. 

Influencs® of Substitution of the ll?Mro.Kyl G-rouu in ImmA Mono 
hydroxybettjsoate®«    Sie qusation of whether or not a laoclification 
of the liyärosyl gsamjp aiglit issfiuesicö tha activity was also of 

PI 



riAVOi?!)   HRs'i ■■■!fT "ftmimwfiki 

0. ,0 
Fo/2 

„X3 
'C iTi/2 

I A 

X" 

'•^       v-> 

0 . 

1 
I» 
0 

.CM. /'•>X O. 

! c 

<J f!'R 

20.  lafiul acety.]se.licylate 23.,  Lead 2-«thyll>*ni50&i'^ 

TABIJS 15.    Influence or Subatitution of the Hydwxyl 
Group in La&ä. Sslicylats 

Cliersct^ristice 

HI©-» heel; of 

SO. Fb 
acetyl- 
saliey- 
lets 

Modifier effectivityl 123 

Fb csiapoimd by I 
mxmly&i&t $ .«,,..j 2.1 

Pb iß cosKJound, $ .. 36.6^ 
Fb in pyepallant, ^ 0.77 
Heat of #xp,lo©.ioa of 

prcspeilsat, csl/g 1 929 
PL No **•••«**••*•»«) X*^ 

emlmicm 
t 

saiiey-  |2»eth> I 
1 a4"> 

195 

I vivy&Qa~s 

2.9 

1^25 

868 
22? 

2.0 
1.10.67 
0,81 

385 

^v   ft)       j   X<   i-X» 

BSlicy- j 2«c-»thyl- 

i    w »...3 

late 

250 

0.86 

T?0 

6& 

1.6 

0,67 

121 

Cosipariag Isma acetylsslicylete an,d salicylst-^^ o?ie isüst 
observe th@t the heat of explosion of the eestylsallcylafc® 
coiiposition is somewhat higiiar^ vhich coaditioa reduceo its 
effectivity to &&m extent.    Considering this, th© effeets of 
the two coffipomifis appsar vsyy similar.    Hhs reason for such "be- 
havior is probably the eaes with ^^lich the o2"feo»ac®tosy igro^i? 
is hydrolyssd.    rSiQ atho%y gi**«» is isueh EO^H gt&bie, and tisa 
effeetivity falls to ©bsyt 50^ of ths ■valüg for th@ salicylete« 



arcaatlc -.yniem and  itt ability to fere ö bidentat« group,    Th-e 
fiupfsrrafcea of both I*?ä«1 3-  '-"^ 2*--hydrox>bejiZoat«ö  (Tttbie 8) eftaae? 
upon ÄcetylAtion or a Iky }.9li »"-*»*» of t-hese ptrowpn {P«sf.  9)> 

'■"**• "■     j 'Pogitioßß,    All Cftfboxvllc Äci':'*1 «ith Hoectivs Or^tho or TüT^ ?'"■«*i-ifsn 
previous tiiocuaaionia nboyt carboxyilc öclds vom group-sd around 
öalicylates und their substitution prcKJucts and iaoasre.    It VJSJ, 
taerufore* of ititfsn;.*t to find out ylruathft* ortho hydi'oxy carfaoxyllc 
acid« of other «ranvatic cystem-? foiicwad tha osira general ruleo. 
The hyclroxy Xcari. nephthostee off«red the poaaibility fo:1 such 
a coagj&risoru   (See 'fable 16}. 

22.  lissd l-hydroxy-S^naphthoat«    23,  lead 2«hydröxy«»2"S3^thcstG 

TABIS 16,    lafl«er.ca of Foiynuclöisr Hydroxy Csrbosylie Äeidß 
with Reactive Ortlio or Parn Positioas 

; KB**,* tv—.«iÄi j; 3.!M*B!ga"i t IULVT 1. a rp-i^^y^-aawy. n jur^jr -sffmÄirwÄtftG» wiÄ*M«i**&--i«*iäf «asaaw^ps-^wattasssaaMWiiw^wjsrtrai^i^isa, ««a:»usTi5i£WK«^R«wjitw» 

Characteristics 

'«ajjjiijwps 

f(?*S 22. Fb 1»      23* Fö 2-    113. 
hyäroxy-2-   hydroxy-3- ! salicy» 

Motiifier effectivity     15^ 
« * » 9 » Sypgrrata s-ree 

Pb coj^cund by 
analysis, $  

Fb In coffipoimdj, $ .. 
FD in prope-Ilant, ^ 
Hest- of öjcplosioii 

of prc^jsllaittj 

2.9 
35.63 
1.0 

1    «J-^: 

oXl 

5»j 
35»63 
1,0 

867 
492 

16. Pb 
©«Gresotinstci 

2.9 
3.0fe 
1,25 

86-8 

~w$tr, 

rtAttixnrvxtt-iixrxteyrL ass=KV 

3^2 
feo.6U 

1 "? 

7hQ 
k&6 
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V.n  results of  thlB  ^OMpsrison nho\f Uiat the-ee  cc^*w>^*ntU have 
«l^'jst   tr.f* arursft effoctivtty nt tl-^t of l^ci ^j'lityltit-e sr..   rxcj'jJ 
thnt of JUieul o-rraaotinste.    -y^r ieft4 ?-hyvlrcyy-3-.nftphthont<',   t.hlc 
snjp-r*riorit>' can be easily unücnatooi alrj^s a position ortho lo 
I'UP hyttrcxyl  r,/oup  1« r.VRili".bJt  in th"  rr-r-s nucieuü.    Tix  Jecd 1- 
hyu-'-.xv-'Vnjs^utjtori1"*- dottt not hevrs ctu^h sin orthc position etvaiinhla, 
jr  .';»!c

,"',^,   for thi" :■{' }:.n,   act. ^itii,1.!**^'.   to It-r.d o-cr^n-ji mcti, 
in i.;j <ci-Iac'-r p.-.^'-eii^.I;,  "*'•--  ".*r..llc-r V-ö-ilfier* sfactivity*'' of this 
li,ii co^pw,.i;d he:."; ;;-       - • H-.-U   to th* dubt'tituticn of th« orthu 
pcaitjon of tnc nyrr -y. -rr-Uj) by t: s^thyl gr(n?p,    '7ßa ü,lffäit'nce 
bo twee:; ths rsKut*::  '.J;   tr».;.;,:  t.^o cO!;<iK*'»-';«a rs*»y bo csused by thö 
fact that the ^ poaititr: In l~hytiroKy-mphth**jtene le sort» reactsive 
than the h iimillon in a phenol soleoiilts,  the forsatr baing an 
alpha position ir, a aephthtilamt aucleiis (Rfif. 1^4)» 

Ivflmnct^ of Iattcl_ Öi-B gad ^l^hydroxyba^Eoates aa ^dltlyea. 
'HV: pfeyioüä discussion of the iitfJUMmce of lead oalicyi©ta and 
rolstG'f conspouna« hed ehown fiiat any infiusnee which reduces 
tha reactivity of the orgtewic portion of the comowai in & posi- 
tion orfcho to the aros^tic hydroxyl or oth&r equiyalsr.t groyp 
also reduces the "s^'ifiei- ©ffectivity" in double-bass prop-eiisnt 
burning.    It reisained of inteveBt to find cut whether «.Lfferencos 
in thf? position of « escond hydroxyi group ^ouM give eimil&r 
remits.    Trss effects or, the burning rats di^graas obtsiiind with 
sum pj-oductfe differed, to a eons ids rssbie? extent from the plateau 
and iissa effects of tte previously investigated pr-odtiets.    The 
g-sr£=9'ral fosis of th-ase diagrams was piataau in character and not 
Qssa»liliöc    Eoiravtei"! they could be exteudod to highar rengss of 
h-aste of esralosion, burning 2lQt0ß, and pree^urss, than the dlaip-ess 
for löSti siiphstics or xesd sa.lieyla-fcs modified propellents {see 

Invest:IgaticB of thsss lead salts of dihydroxy carbostylle 
acids m döiibls-basa prcspsllgats^ousä that the total Inemmm 
ia "jsodifis? eff^ct-ivities'3 ¥©ra Tex^i significant.    Äeg« ©ffsets 
er«- ahovn. in liable 17. 

0 0^ 
•56*.     ^    ^ J 
^C; Fb/2 

o^X^ 

i 

2^4,    lUrSd 2f 5»dihydroxybensoate 
(fead göirtisate) 

2^ 



0 

0 

i"?.  l&aä 2,6-rtIhy- 
<] roxy ben zotz to 
(ijgtid y-reaorcylate } 

0.. 
K 

26.  leod 2,i4-dihy- 
d i'oxy hu n soa te 
{ XJP cd ,.- - re s o rcy Is te) 

TABUS 17,     Influence of Dihydroxybennolc Acids 

13. Fb 2U.  FD 125. Pb ir" 26.  Pb/J 
CharacteristicB salicy- genti- :   *   v «> V *  ^ ■,? ■" rcsorcy« 

late oate late late 

Hodifier effectivity  .... 156 292 3^7 382 
Superrate area  195 3^2 298 3^0 
FD coEstJOund by analysis, ' 

t>  2,9 2.29 2.12 2.2 
Pb in compound, $ ....... U3.0i* HO. 36 no.36 Ho. 36 
Pb in propsllant, $ ..... 1.25 1.17 0.86 0.89 
Heat of explosion of 

propellant,  cal/g 368 Ö53 8U7 839 
PL No  

..  ^ .™.^™™«,..  . —«».       \ 

227 ^93 Hef.15 392 

All lead dihydmxyhsnaüates have considerably higher "modifier 
effectivitiea" than lead ealicylate.    Kie differences araong the 
dihydroxy compounds themselves are much smaller.    Lead gentisate 
has 187%, lead     y-reaoreylote 222^^ snd lead   jä-resoreylete 2^5^ 
of the'teodifier effectivit/' of lead salicylate.    The feet that the 
hydroxyl groups in lead gentisate at© para to one another is in line 
with this soMiswhat smaller increase in'Modifier effectivityu    IH/o 
hydroxyl groups in meta position to each other support their indi- 
vidual influences to a higher degree as is demonstrated by the 
larger modifier effectivitieg of lead   r- and   /*»reeorcylats. 
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'Ihe above res\ J.t~ ••••d to :-equire a t'urt.her extenaion of the 
1nvcat.tsat1orw to inclu.cSe tr1hyc1roxybenr.oatea. For th~, pw-poee, 
lead ~llate vaa !aavaat.Sgat.ec1 at NC'1'S and .lew pllloro&luc1nol 
carboxylate at the Ontnance M1aa1l• Llborator1ea ot tbe Ar.y at 
Redatone Araenal (Ret. 16). Tbe reaW.ta are ahovn in Tabla 18 . 

27. UtM ),a., 5~ 
trlhydroxyben~te 

( Load plla te ) 

27.Pb Charac:ter1at1ca p1late 

Moditter ettact1v1ty 251 
Supernte area ••••• ~ 
ftl Cc:qN)wld bJ 

~.,,.l .tS1a, ~ •••••• ).1 
Pb s :'\ t OJIIPOI.IACI, ~ •• 31·99 
Pb in propellut, ~ 1.17 
Heat or explodon ot 

p~opellant, c:al/a 873 
PL ~ ••••••••• . •••• 610 

28. 
a 

.... .... 

.... .... ... 

.... 
Ref. 

16 

.,......o.:::::. ....,.o, 
B C Pb/2 

~ I ~ '(j' ................ :I 
. / 

' I o, 
I 

28. 1184 2,4,6-
trihydroztbeD&oatl 
(teed pbloroaluclnol 
carboxy late ) 

1). Pb 26. p., .j- 5. :-: 
aal1CJ• reaorc:J• cat.ac:ho· 
late late late 

156 382 ~ 
195 )Ito ..9 

2.9 2.2 2.9 
lt].Oit le0.)6 ~c.72 

1·25 o.&J 1.90 

668 8".;9 863 
2Z1 3J2 ~ 

-a Jlo burn1nc•nt.a-.o.:Ut'y1~ ertact.a u.re obM1"9'tcl tor .,, 28, 
Pb ph loroaluc tnol c:aJ"t)oJey late. 

lAad pllate baa a c:outdenb~ blltwr •.ocut1er effectl\'1ty• 
than lead ••Uc:yl.at.a (Uio.lat) b\R ~ tvo-taliX'U of 



eoKFiDRrfriAi KA*'üHS) IfKrClfi' 

the effect of lead   .^-msorcylate  (G^.'ffi).    rn.e fonsfltion of the 
moat effective,  nallcylate-typ« of bldcntttte group  ia,  of course, 
not possible  In lead gallate.    Tti«? fornwütion of a leas «ffectlv« 
lööd catecholate type coordination ie, however, pofloibl« saml hna 
been proven for the  Iron coroplexsa usea in p'trmanent inHa   (Ref. 
1?}.    Similar observutiona have been roorile with raet&l compounds 
of 5-8Ulfo-8-hydroxyquinollnates  (Ref,   'i.-B),     Lead gallate contains 
a third hydroxyl gi'oup which is not involved iti this salt  formation. 
This may explain the higher reactivity of thlo compound compared 
to lead eatecholate. 

The fact that no burning rate modifying effects et ail were 
observed with lead phlorogluclnol carboxylata may be due to the 
very low thermal stability of this acid which may have caused its 
decomposition before it entered the reaction zone.    Table 19 
.„jütfs the melting points and tetnperaturee of decorBpooition for 801» 
polyhydroxvbenzolc acids. 

TABLE 19.    Melting and Decomposition Points of Investigated 
Polyhydroxybenzoic Acids 

Acid 
Melting point, 

0C 
Decomposition 
point, "C 

o< -reaorcylic   
Gallic  c  
ß-resorcylic  , 
Clentisic »  
Y -rigsorcylic   
Phlorogluclnol carboxylic .. 

232-3 
222 
213 
200 
11*8-167 

no melting belon 
decomposition 

above 237 
222 

above melting 
215 
148-167 
100 

Influences of Subatitution of Hydroxyl Groups in Laad ^»resorcy- 
late.    The amount of influence of the hydroxyl groups in lead ,#- 
resorcylate has been tested by obaerving the changes obtained 
through acetylation and ethylation of such groups.    The results 
are shown in Table 20,    Tfaeoe data indicate that the highest 
"modifier effectlvitieo" are obtained If both hydroxyl groups are 
free. 

Table 21 gives a eonrparieon of the relative "modifier effect!» 
vltiea" (r) of these coffipounds compared to lead sallcylete as 
unity. 

comimwnAi d( 
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TABIR 21.    Reifttlve  ''teilfier Eff«ctl»'!tisi}K  (r) of f/'a-it 
"^^-dthydroxybentijSte end   it.» AcfftylatiOi1« an'! 

A1 k y Is 11 an V ro:? u ri i a 

b* o4 c omp o und a 

a. Ijead oalicylafee  ,.,,  
b. I/*ad 2»!4-dlhydroKybenzoat«  ,.♦,. 
c. Liad P-hycIroxy-^-aa.'toxybenzoate 
d. Lfiad S-hydroxy-U-atboxybansoatii 
e. Isad 2,^-dlacetoyybenzoat«  ..,». 
f. Lead acefcylsalleylate  .... 

P tkj. 

39? 

530 

Since the ^-hydroxyl group ia not part of a bidentate group, 
acetylation or alkylation of this group vas not expected to 
appreciably change the "tnodifier effsctlvity1! However, the corres- 
ponding "niodifier effectivltJea" of (c) and (d) are even bei iv the 
value for lead salicylate {9). The modifier effectivlty of Jead 
2,^-diacetcxybenzoatä (e) Is» ourprioingly, slightly better than 
the value of lead 2~hydroxy"*+~ocetoxybenzQäte (e).  It corop&reo 
fairly well with the "modifier effectivlty" of lead acetylaalleylate 
(f)j when the proper alloyances are made for differences in heat 
of explosion. 

It had been expected that ouch derivatives of lead oolicylate 
not having the possibilities of quinono formation or increased in~ 
tramolecular resonance would give^modifier effectivities" higher 
than that of lead salicylate. Because of the contradicting r*;oult8; 
the possibility of the acetylation or alkylation having occuri-ed 
at the bidentate hydroxyl group was considered. Thia, however, does 
not appear probable from the work published on this subject. The 
possibility that steric influences from the substituent :Ln the* h 
position may hinder the reactivity of the 3 &nd 5 positions of" this 
compound has been discuesed to explain such behavior but cannot be 
supported by any other related experiences. Additional Investiga- 
tions would be necessary to clarify this situation, inasmuch as 
the actual reaction machanisn^may be based on more involved relation- 
ships than reactivities and presenes öf bidentate groups in thase 
compounds. 

The effects of exchanging the 5-alkyl group in lead 5-tertAsry- 
butylsalicylate by J-nitrophenyiazo groups were shown in Table 13. 
These exchanges reduced the "modifier effectivity"of the compound 
considerably. The saraB was the case with the ^»resorcylate 
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derivative;«,     fyrth^nsortt,  hyorofntsn bonding vlll  h^  oot^ii>ed i>9tv'«-i*r 
*,hs;   Ji hyrtroxy .grtsup find  the «to group»   an  th«  folisting structural 

V 
9   v 

\\. 
/ 

H 

H 

%'~0 

.32.    iÄad nelt of 5"(3-nitrophenyla£o) /S-resorcyllc acid 
(lead 5-(ra-nitrophenylezo) /3-resorcylat9} 

TABIE 22.    Introduction of Mtrophenylaao Gi-oupa in the 
5 Pooition to hs&d  /5-resorcylate 

Characteristics 

Modifier 
effectivity 

Superrate area 
Pb compound by 

analysis, % 
Pb in compound. 

Pb in propeilant, 
(«•■««aa» 

Heat of explosion 
of propeilant, 
cal/g , 

PL Wo 

H2.  Pb 5-(m- 
nitrohpenylazo) 
xj-resorcylate 

>«ti*»*a«» 

18. Fb aalt of 5- 
(3-nitrophenylazo)' 
b&licylic acid 

26. Pb 
^-reacr« 
cylate 

The data in Table 22 ghov a 75$ reduction of the "modifier 
effectivity" from introduction of the m-nitrophenylazo grow:- in the 
5 posi.trion of lead /S-reiaorcylate whereas in the eaee of the 
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aalicylate d~r1vat1ve, ccmpound le, the "modifier erfect1v1ty" 
dropped by 56~. 'nle errect ot the • tcond h)·4rox) l group 1•, 
ttwrero~, ... \.lulli ~crr•bh nrliuc.J 1n cc:apow1d )2 probably becauae 
nt the 1ntramo!ecul ar neutral1&at1on or ~· errecte or the h~droxyl 
grNp aa ahovn by t he atructwoe. 

C\>IIICUISIOIIS 

'!"- quotient. or the •euperrate area• cUvhlecl by the lea4 
content ot bu.m1na-rate-110d.1tylna apnU baa been call.ecl •110cUtier 
errectiv1ty•. Uae or the .. •ttectiv1t1ea allova, at comparablu 
1 ... w,h :-.f Mat or exp\~ton; an evaluation ot the c010ati~ut1onal 
influence or th• orsaoic part ot aw:h ... nta. Ill .any c .... , 
certain cheaical relationah1pa tietwen c:beaical atl'\lcture and 
"IDOdit1er ettect!v1ty• 'Nfre eatabl1abac1. 'ftle preaen~ or a bi­
<if•nt~tt.ft ~roup Snel•.acUn~ one carboxyl, carbonyl, ur equlvaler.t 
eroup ancl one phenolic h.;,'droxyl or eq\livalent. 11'0\.lP pro4\lcel 
ler~ "mocUtler ettc::U...-!t1es". .~t.Ul larpr ettecta aae CJbtainacl 
from 8iaa1ler •rvaatic c~und..a •it.~ t.·.-v t~·!::;;;;! _.;....,.a •·••c• 
v1thout v1c1na1 poa1t1on1ns or any ot the aubatituenta. 'the 
aromatic part ot the .olecula ahould have the poaa1b111ty ot 
reacting eaaUy wu1er ouc:leopb1l1c aubat1tut.tn& 1nfluenc:aa, aa 
propoaecl in Ret. 4, u.c1 poai tiona tor aU4.:h reactiooa anouJ.d not 
be autat1tuted by orcan1c aroupa. 'ftla aubatitu.Jnta ot auct\ 
.oleculoa ahoul.t not aat.urate eac:h ether COIIIIPlaYly by intra­
molecular tntluancaa but abQuld all~ tor a hilh 4csre. or inter ­
action wtth the aurrou.ncl1Jl8 propellant Mtr1x in U\e earl)' cooaa 
or tho prosreeaing ca.buation wave. 

'tbe 111P0rtanca or b1C18ntate gl"UUp• 1ncludin& t . carboxy.l .. 
ca~onyl, or equivalent group and a phenolic hyclroxyl or equivalent 
gro\!p ror the ro,...tlon or h11hlY active 1ae4 cOIIPQWlCla, craa14erec1 
Wlth the MC8ll influence or Yartattona in cli8IOC1&t10n CODatanta, 
eeema t.o ·~•t that the lee4 ata.. in IOM or thaee cQIIPOUD41 
uy not. be preHnt in ionic ton1 but 1o the tor. or cbelate 
cocple"e•. 'ftle ooaervatlt~oa •cSe in ~r. 4 aOo\lt ralat1oo.h1pa 
,..e t'.lfeen certain recUatlon abaorbiDfJ a4c:U tivea and chanet• in 
at6.,_:;.- £ate bumina ett ecta •1 alao t-e vaUcl tor tb.e "'mocUtier 
erreet!v1t!ea~ or th~ co.pounda d1ac~••e4 1n th11 report . It 
appean poaaibla that co~&nde conta1o1~ b1cS.ant.ate arouP• 
may ntact vtth other lead ~uncia 1D the propellant •tri.x to 
rona the actual bumtns rate .:ldtrytng apnta. Thie .. Y alae he 
1 nd 1 cat.ecl by the raau.l ta or the 1nvea Up tiona or the recently 
publ1ehecl Ref' l 9. An extenaion or t.ba inveat1pt1ona or Ret. 18 
d 1rected to a acerta1n1ng the actual rona or the lea4 cc::IIIPOW'4 v1 thin 
the prope~ lant matrix V<Nld aeea valua~JA tor the further deve l op• 
JRnt Of theM &pDtl • 'n\e application ot pnera.1 pr 1Ju:1plea or 
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thelr . n~raet1oa 1r11pt be hel~t'ul tor U. deYel~nt ot a1aU.AI'l.7 
actin~ addtttvea tor other aol1d propellant 01 11~14 ~ropell&Dt 
ayeteu. 
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